ABSTRACT
INTRODUCTION
The word consanguinity describe unions between couples who share at least one common ancestor. 1 Consanguineous marriages are preferred in South Asia. According to the Pakistan Demographic and Health Survey (2012) (2013) , approximately 65% of marriages were consanguineous, out of which 74% were among first cousins. 2 The recessive disorders show the highest association with consanguinity (78.8%). 3 Consanguinity is a recognized high-risk factor among the etiological factors for deafness. 4 Although environmental factors are involved in deafness, the genetic defects have been reported to play a major role contributing to estimated 60% of hearing loss (HL). 5 The spectrum of genetic mutations involved in deafness vary amongst different populations. 6 Most highly studied gene in different populations is GJB2 (OMIM: 121011) encoding gap junction protein, beta-2 and account for 50% of non-syndromic hearing loss (NSHL) throughout the world. 7 Connexins are trans-membrane proteins that have a role in communication and transferring of ions and small signaling molecules between cells. 8 This locus is already been reported in Pakistani and Mediterranean families supporting that GJB2 is the main gene for inherited sensorineural deafness. 9 More than 90 variants in GJB2 have been reported and meta-analysis in different ethnic group confirmed a strong association of GJB2 mutation with HL in different population. 10 In addition to GJB2, >80 mutations in MYO7A (OMIM: 276903) encoding myosin VIIA have also been linked with syndromic and NSHL.
11 MYO7A co-ordinates between the transduction channel and stereocilia membrane and interact with hair cells by associating with cadherin molecules. Lack of function within the cochlear hair cells leads to development of deafness. 12 Similarly, CDH23, (OMIM: 605516) gene encoding Cadherin-23 showed mutation in both NSHL (DFNB12) and Usher syndrome type ID (USH1D).
13
CDH23 contain 69 exons and codes 3,354-aminoacid protein comprising 27 cadherin extracellular (EC) repeats, a transmembrane domain and a unique cytoplasmic domain. Function of CDH23
has not yet been defined but it is hypothesized to be involved in cell-cell adhesion because of its similarity in structure with Epithelial Cadherin (E-Cadherin) which has role in homophilic cellcell adhesion.
14 Additionally, genetic variations in TH (OMIM: 191290) and EVC2 (OMIM: 607261) encoding Tyrosine Hydroxylase and EvC Ciliary Complex Subunit 2 respectively, have also been reported in deafness.
It is hypothesized that the spectrum of genetic mutations in Pakistani population with hereditary hearing loss might be different from elsewhere. This study set out to use advanced Next Generation Sequencing (NGS), MiSeq (Illumina, San Diego, US), to determine the genetic variation of GJB2, MYO7A, CDH23, TH and EVC2 in two Pakistani deaf brothers.
METHODS

Subject description and sample collection:
The study was approved by the Institutional Review Board (IRB) at Rehman Medical Institute (RMI) Peshawar, Pakistan (Ethics approval no. DMR/RS/ JA/CGS/01).
Two deaf brothers (15 and 23years old), were recruited for targeted gene sequencing after taking informed consent. Patient history revealed that their parents, two brothers and one sister were normal, however, one sister was deaf (Fig.1) . Their parents were also second cousins and were not available for genetic study. The patients were clinically assessed in the ENT department of the RMI by a qualified ENT specialist. Examination of the ENT revealed no anatomical abnormality or signs of infection or inflammation. Pure Tone Audiometry (PTA) was performed which confirmed bilaterally sensorineural hearing defect with no difference between air and bone conduction. Subsequently the patients were labelled as 'deaf'. Two ml peripheral whole blood sample was drawn from the subjects in EDTA tubes by phlebotomist using aseptic techniques. DNA extraction, quantification and normalization: DNA was extracted from blood samples through Qiagen DNA mini kit (Qiagen, Cat. no. 69504). It was then quantified with help of dsDNA high sensitivity kit (Qubit, Cat. no. Q32851) using Qubit fluorometer and normalized to 5ng/µL. 
RESULTS
The use of inherited disease genes sequencing panel identified the causative and novel variants in deafness related genes (GJB2, MYO7A, CDH23, TH and EVC2) in deaf brothers. Variants in GJB2 gene: Two variants C>T/T (rs7623, c.*1152G>A) and C>A/A (rs9237, c.*1067G>T) in GJB2 gene were found common in both brothers. In younger brother two additional variants in GJB2 gene were also identified which were A>G/G (rs7988691, c.*1277T>C), A>G/G (rs3751385, c.*84T>C) ( Table-I One novel missense variation MYO7A (G>A/A, c.2476G>A) was also found in MYO7A in both brothers (Table-II) .
DISCUSSION
Most frequently implicated genes in autosomal recessive non-syndromic hearing loss (ARNSHL) are GJB2 followed by SLC26A4 (OMIM: 605646), MYO15A (OMIM: 602666), OTOF (OMIM: 603681), and CDH23. 15 Impact of GJB2 on HL has been determined previously in European (35delG, 167delT). 16 This study evaluated the association of GJB2, MYO7A, CDH23, TH and EVC2 with deaf in Pakistani brothers. The variations were in 3'-UTR of GJB2, coding region of MYO7A and CDH23 ( Table-I ). Common homozygous variants in both brothers in 3'-UTR of GJB2 were (rs9237, c.*1067G>T) and (rs7623, c.*1152G>A) which had already been reported in Portuguese family. These findings support the same in Portuguese family. 17 Hence this study strongly suggests that these two homozygous variant in GJB2 are responsible for deafness in these patients.3'-UTR often contain regulatory elements, variation in this region affect the spatial and temporal gene expression. So the variation in 3'-UTR of GJB2 may also affect expression of GJB2 resulting to deafness.
The genetic variation in deafness varies amongst different populations. Deletion of T at position 167 (mutation 167delT) and G at position 35 of the GJB2 (mutation 35delG) results in premature chain termination in Nonsyndromic Neurosensory Autosomal Recessive Deafness (NSRD) in Italian patients. 9 These findings represents that the variation in GJB2 affect the normal function of GJB2 leading to HL or deafness. Syndromic and non-syndromic Bibi Sabiha et al. 18 In present study we report homozygous novel mutation in coding region of MYO7A (G>A/A, c.2476G>A) in both brothers. Apart from this novel mutation, this study also reports three other missense variants in MYO7A in both brothers. Three of these variants are reported in gentamicin-induced vestibular dysfunction (rs948962), 19 malignant melanoma (rs2276288 and rs1052030) 20 and are not reported in deafness. To our knowledge, this is the first study to report these missense variants in deafness.
Common variants, G>A/A, (rs1227051, c.4723G>A) in CDH23 were identified in both brothers in homozygous form which had also been reported in Korean HL patients as a nonsynonymous mutation. 21 The same variation is presumed as polymorphism in Japanese population with NSHL. 22 Therefore, the present study is an agreement with previous studies. Three additional variants T>T/C (rs3802720, c.366T>C), T>T/C (rs6480536, c.1134+180T>C), T>T/C (rs3752752, c.2316T>C) in CDH23 were found only in elder brother. It is suggested that the three additional variations in CDH23 might be in favor of more deafness in elder brother because his hearing ability was less than the younger brother.
In addition, Dopamine (DA) modulate amino acid neurotransmitter including GABA and has a role in auditory pathways and low-level secretion of GABA leads to deafness. 23 TH is the rate limiting enzyme in dopamine synthesis and in return it is regulated by feedback mechanism. 24 Variation found in TH (c.43C>T) possibly affect the hearing ability. Apart from that, this study also identified novel deleterious mutation in EVC2 gene (c.2614C>T) only in younger brother which has already been known to be involved in Pakistani family with EVC syndrome and profound deafness. 25 Therefore, it is concluded that these novel mutation may be of functional consequences on the causative variants and help in increasing the severity of the deafness. We have shown for the first time in Pakistan the novel mutations in deaf patients.
Limitations of the study: Firstly, it reports only two brothers of the family. We could not test the apparently unaffected members of the family and therefore cannot comment upon the zygosity of the genetic mutations. Secondly, the sequence analysis was not validated by Sanger Sequencing. Although there is no consensus amongst the scientific community on the need to validate NGS results with Sanger sequencing. 26 Lastly, no mechanistic studies were performed to assess the precise role of these novel variants in the pathogenesis of deafness.
CONCLUSION
This study identified variations in GJB2, MYO7A, CDH23, TH and EVC2 in deaf brothers. The three additional variations in CDH23 might be in favor of profound deafness in elder brothers as he was deafer comparatively. Therefore, it is concluded that all the identified variants in this study may contribute to disease pathology. This pilot study is a proof of principle for high level study for deafness profiling in Pakistani population, which will be helpful in genetic counseling and to arrange marriages out of family to prevent genetic disease. It is also concluded that the family with recessive diseases should conduct the premarital genetic testing before the consanguineous marriages. The identified variants need to be confirmed by Sanger sequencing or NGS on large sample size.
